T he health consequences of tobacco use (whether in the form of smoking tobacco or smokeless tobacco products) are well documented. [1] [2] [3] [4] [5] [6] It has been reported that the type of smokeless tobacco (SLT) products used in developed countries is associated with significantly fewer adverse health consequences than is cigarette smoking. 7 However, South African commercial brands of SLT have been found to deliver more nicotine than other brands from developed countries, and such brands may therefore have a higher addiction potential. 8 Furthermore, in South Africa, the use of traditional or homemade products with much higher levels of carcinogenic nitrosamines than found in products in the developed countries 9 is common in local populations where cigarette smoking is relatively uncommon. 8 As a result, the findings on the harm reduction potential that can be achieved by persuading large numbers of inveterate smokers to switch to smokeless tobacco of the type used in developed countries may not be transferable to South Africa.
Unlike with cigarettes, excise tax is not payable on smokeless tobacco or snuff products in South Africa. Therefore, snuff is much less expensive than cigarettes in South Africa: a 20g can of snuff typically costs 4 South African Rands (US$0.60), compared to 27 Rands (US$3.50) for a pack of 20 cigarettes. Traditional or homemade snuff products are even cheaper. However, the South African law prohibits the sale of any tobacco products to minors (<18 years). Additionally, the law restricting the advertisement and promotion of tobacco products also extends to all smokeless tobacco products. 10 Furthermore, manufacturers of smokeless tobacco products are required by law to place the risk phrase "causes cancer" on every can of snuff. use tobacco products other than cigarettes. 12 Black adult females are the group most likely to use tobacco in the smokeless form. 13 Compared to other population groups, black African schoolchildren have shown the highest prevalence of SLT use and the lowest prevalence of cigarette smoking. 12 This contrasts with data from the United States, where white adolescent males have been found to be more likely to use SLT or to smoke cigarettes while also using SLT (dual tobacco users). 14, 15 Adolescent tobacco users in the United States are also more likely to use other drugs, particularly if they currently smoke cigarettes. 14 Dual use of tobacco products may be due to smokers' using SLT as a substitute in smoke-free environments, to attempts at quitting cigarettes, to use as an alternative because of the perceived relative safety of SLT, or to the affordability of SLT. 16 Some studies have found that smokers who use SLT are more likely than non-SLT users to quit smoking. 16 However, dual users have also been shown to have a steeper trajectory of a more prolonged increase of tobacco consumption than do exclusive users of SLT or exclusive cigarette smokers. Consequently, dual users have emerged as a high-risk group for tobacco dependence and tobaccorelated harm. 17 Some studies have reported the prevalence and predictors of cigarette smoking among adolescents, 13, 17 but few have looked in detail at the characteristics of South African adolescents who either exclusively use SLT or use both SLT products and cigarettes. This study therefore sought, first, to describe the SLT use pattern in a population of South African adolescents and, second, to compare the exclusive users of SLT with the dual users of both cigarettes and SLT.
METHODS

Study Design and Participants
This study forms part of an analysis of baseline data collected during 2005 for an intervention study for the prevention of adolescent tobacco use. A cluster sampling strategy was used. The study sample frame consisted of all 31 school districts in the Limpopo Province (in the north of South Africa) and all the secondary schools in those school districts that were in the Department of Education's database at the time of the study. Following a sample size determination of 20 schools, a 2-stage sampling design was used to produce a representative sample of grade 8 students from the schools in the province. The first stage of sampling involved a random selection of 22 of the 31 school districts to participate. The probability of selection was proportional to the number of schools in the school district. The second stage consisted of a random selection of one school from the secondary schools in each district. Although 22 schools were selected, only 21 schools eventually participated in the study (the school response rate of 21 out of 22 schools was 95.5%). One school elected not to participate because there was no teacher available to teach the prevention curriculum. All the grade 8 students (N=2337) in the selected schools were eligible to participate in the study. This resulted in a final sample of 2119 students whose parents gave informed consent prior to the pupils' participation (thus student response rate was 90.7%). The overall response rate was thus 86.6% (the school response rate x the student response rate).
For the purposes of this secondary analysis, only participants who classified their ethnicity as black African were selected for further analysis (n=1878) as the use of SLT in South Africa is predominantly found among this particular ethnic group. 13 A pretested self-administered questionnaire was used in data collection. The original questionnaire was compiled in English, but it was also translated into Afrikaans and Sepedi. Back translation was used to check consistency of meaning. The survey was mostly conducted in English, except for a few students (< 5%) who were not proficient in English and elected to complete the questionnaire in Afrikaans. Trained research assistants distributed the survey questionnaire and remained available in the front of the class to provide clarification when requested to do so. The researchers emphasized that the students' responses would be treated as confidential and encouraged the students to give honest rather than socially desirable responses. Teachers were not present in the classroom during the survey. Each participant received a toothbrush and toothpaste after the survey.
Ethical approval for this study was obtained from the University of Pretoria's Research Ethics Committee, Protocol number 133/2008.
Measures and Definitions
Socio-demographic features. The study participants provided information about their age, gender, ethnicity (black African or other), each participant's mother's level of education, and the type of dwelling the participant lived in (formal housing -brick house/apartment-or informal housing -huts/tents or a nonbrick house as observed in shantytowns and remote villages). The variables of the mother's level of education and the type of dwelling served as a proxy measure of the socioeconomic status of these adolescents.
18
Tobacco use status. Using items previously used in national and international youth tobacco surveys, 12, 19, 20 the respondents were categorized as current smokers if they indicated having smoked a cigarette in the 30 days preceding the date of the survey. A similar approach was used to define current SLT users. Those who indicated they had used both SLT and cigarettes in the past month were classified as dual tobacco users. Participants who had neither smoked cigarettes nor used SLT in the past 30 days were classified as non-tobacco users. Respondents were also asked, with regard to the last 30 days, how many cigarettes they had smoked on the days they smoked and/or how often they had used SLT on the days they used SLT. Participants also responded to a question on the age when they first smoked a whole cigarette or tried using SLT.
Participants were also asked to indicate how often they had used SLT or smoked cigarettes on the school premises in the previous month. Considering that the questionnaire had no skip pattern, there was an opportunity for respondents to contradict themselves. The reliability of self-reported past-month tobacco use status was improved by evaluating the responses to the 3 other tobacco-use question items above. When incongruent answers were found, the approach of response preponderance 20 was used to assign tobacco use status. Current cigarette or SLT use status was derived from the answer to the question on past-month use. If the respondent contradicted his or her response to that question, the decision rule required the respondent to be consistent with that response on 2 of the 3 other questions; otherwise, the respondent was considered not to be a current cigarette smoker or SLT user, as the case may be. There was incongruence in smoking responses in 4.4% of the sample, and there was incongruence in SLT responses in 4.6% of the sample.
Social influences. Peer influences related to tobacco were assessed, including friends' use of cigarettes or SLT. Family influences were considered, including tobacco use (SLT or cigarettes) by family members, inside or outside the house.
The influence of the school environment was assessed by asking, "Is there a school rule against tobacco in your school?" Possible responses were "There is no official/written rule"; "There is a rule, but it is not enforced"; or "There is a rule and it is strictly enforced." In addition, the participants were asked if they had seen teachers or any staff smoke on the school premises; the response options were "Never seen teachers smoke on the premises," "Occasionally seen them smoke on the premises," or "Regularly see them smoke on the premises."
Other risk behaviors. Perceptions about SLT safety were assessed by asking, "Do you believe that using snuff is a safer alternative to ordinary cigarette smoking?" The question had 3 possible responses: "They are safer"; "They are more dangerous than cigarettes"; or "There is no difference." In addition to the variables referred to above, the structured questionnaire that was used to collect information also elicited data on the past-month use of other substances, namely alcohol, "glue" (inhalants) or dagga (cannabis). Binge drinking was assessed by asking, "During the past 30 days, on how many days did you have 5 or more drinks of alcohol in a row?" Participants were also asked about gambling in the past month. Violent behavior was assessed by asking, "In the past year (12 months), how many times did you threaten or injure someone with a weapon (gun, knife, or stick) at school?" Furthermore, participants were asked how often they participated in sporting, cultural, and religious activities.
Vulnerability to depression. This study also measured vulnerability to depression in the recent past. The depression screening item used was similar to that recently demonstrated to be a valid proxy measure for depression-vulnerability. 21 Briefly, participants were asked, "During the past 12 months, did you ever feel so sad or hopeless almost every day for 2 weeks or more in a row that you stopped doing some usual activities?" Those who answered in the affirmative were classified as being vulnerable to depression.
Motivation for brushing teeth. As in a prior study, 22 respondents were asked their main reason for brushing their teeth. Response options were "Because I like fresh breath," "Makes my mouth feel clean," "So that my teeth look nice," "So as to avoid toothache," and "So as to avoid false teeth." Only one response could be chosen. Respondents who brush in order to avoid toothache or false teeth were classified as being motivated to brush for preventive reasons whereas the others were classified as being motivated by aesthetic reasons.
Refusal self-efficacy. Participants were asked in 2 separate questions how confident they were in refusing a friend's offer of a cigarette or smokeless tobacco. The questions asked were "If one of your best friends were to offer you a cigarette, would you smoke it?" and "If one of your best friends were to offer you snuff, would you use it?" Each question had 4 response options: "definitely not" (coded 4), "probably not" (coded 3), "probably would" (coded 2), and "definitely would" (coded 1); and this factor was measured on a continuous scale. The higher the respondent's score, the higher the respondent's cigarette or smokeless tobacco offer refusal self-efficacy.
Data Analysis
Considering the cluster sampling employed in this study, statistical analyses were performed using the 'svy' command option in the statistical package -STATA Version 9 (Stata Corp, Texas, USA). The 'svy' command allows for the execution of statistical commands that take into account the survey design, such as the cluster-sampling method used in this study. The estimates derived have therefore already been adjusted for potential intra-cluster correlation (ie, the proportion of variance in tobacco use behaviors that is between schools) that may have resulted from having the participating students nested within schools (the primary sampling units).
For the categorical variables, cross tabulations were used to determine associations between potential predictor variables and the 4-category outcome variable -no tobacco, exclusive SLT use, exclusive cigarette use, and dual tobacco use.
Group differences were tested using chi-square statistics; t-tests were used to test for associations between the continuous variables and the outcome variables of interest. Statistical tests were 2-tailed, and the threshold for statistical significance was set at P<0.05. The data were further analyzed using a modelbuilding approach to logistic regression with demographic variables in the first step, followed by other psychosocial variables in the next steps, and with SLT and cigarette refusal self-efficacy as the last step. A sequential multinomial logistic regression analysis was carried out, using a backward deletion approach and a robust error variance procedure. Relative risk ratios (RRR) with 95% confidence interval were used in estimating effect sizes. All the participants with missing data on the variables of interest were excluded from the final analysis (using the listwise deletion method).
RESULTS
Of the 1878 study participants, 50.3% were female, 49.7% were male, and the average age was 14.6 years. Most of the respondents (85.8%) lived in formal housing structures, and only 14.2% lived in informal housing structures. Of all the respondents, 7.6% smoked cigarettes exclusively, 5.1% used SLT exclusively, and 6.3% were dual product users. In an analysis differentiating between exclusive users and dual users of tobacco products (Table 1) , it was clear that exclusive SLT use tended to be more common among adolescent females whereas the males tended to be exclusive smokers and dual users. Exclusive SLT users were more likely to be respondents who lived in the same house as family members who used SLT and those who perceived SLT to be safer than cigarettes. Dual users of tobacco products were more likely to be adolescents who lived in informal housing structures. The refusal self-efficacy for SLT was lower for all SLT users, as compared to nonusers and exclusive smokers. However, the cigarette refusal self-efficacy of exclusive SLT users and non-tobacco users was relatively higher than that of exclusive smokers and dual users. Compared to non-tobacco users, dual tobacco product users were more likely to be vulnerable to depression, to indulge in binge drinking, to smoke cannabis, to sniff glue, to have had violent episodes, and to report using SLT on the school premises (Table 2) . Also, dual tobacco product users tended to be more likely to be brushing for reasons related to avoiding pain and disease (preventive reasons) rather than for aesthetic reasons, when compared to non-tobacco users and exclusive tobacco users. Of the smokers, only dual users reported smoking on the school premises. Furthermore, compared to exclusive SLT users, the dual users were also significantly more likely to report using SLT on the school premises.
In the multinomial logistic regression analysis (Table 3) , exclusive SLT use was more prevalent in females and those who were living with household members or had friends who used SLT. Dual tobacco product use remained most common in adolescents who engaged in binge drinking, glue sniffing, and cannabis smoking and those who were categorized as being vulnerable to depression. Those with greater cigarette refusal self-efficacy were less likely to be dual users. Compared to non-tobacco users, exclusive smokers and dual tobacco users were less likely to report that they regularly see teachers smoking at school.
DISCUSSION
The study demonstrated that dual use of SLT and cigarettes is common among the studied population of black South African adolescents. introducing taxes on SLT products, and initiating nationwide school prevention programs supported by enforcement of school rules against students smoking. The oral health effects of smoking, particularly the adverse effect on tooth color appearance, may be more salient to adolescents than the long-term adverse effects, such as cancers and cardiovascular diseases, which are more common among adults. It is conceivable that the smokers, especially those who also use SLT, may have experienced the adverse aesthetic impact of tobacco use, which they may have accepted as an inevitable consequence of their continued smoking. They would rather brush more to prevent physical damage to the tooth or to avoid tooth loss. This observation highlights the potential role of oral health professionals in preventing adolescent tobacco use.
A matter of great concern for future cancer control efforts is that half of the SLT users in this study reported that they had also smoked cigarettes within the same 30-day period as using SLT. This figure is comparable to the proportion of dual users reported in a similar study in the United States. 15 The relatively high prevalence of dual use has negative implications for both nicotine dependence and disease outcomes if this pattern of use is sustained into adulthood. This is particularly likely to result in adverse disease outcomes, considering that the same population of dual users is also more likely to be vulnerable to depression 
Reference group = nontobacco users
and more likely to engage in binge drinking and the use of other illicit drugs.
Considering that SLT users in the current study also tend to have friends who smoke, it would appear that dual tobacco users are possibly SLT users who were in any case at risk of also initiating cigarette smoking. The dual tobacco users indeed appear to be those adolescents at higher risk of problem behaviors in general, considering that a stronger association was observed between dual tobacco use and other substance abuse, when compared to that observed in association with exclusive smoking or SLT use. The observation that, compared to adolescent smokers, non-tobacco using students were more likely to report regularly seeing teachers smoking may be related to the fact that non-tobacco using students also tended to report having strictly enforced school smoking rules. It may well be that the same schools with strict school rules against students' smoking also have strict rules against teachers' smoking, such that teachers in such schools would tend not to smoke indoors, but may relocate outdoors in areas that may be visible to the students. 23 South African cultural practices are such that it is predominantly black women who use SLT, as it is considered a culturally acceptable behavior and a more socially discreet behavior than smoking, which is considered a taboo for women. 24 It was therefore not surprising that the adolescent females tended to be exclusive SLT users. However, it is important to note that the prevalence of adolescent male SLT use in this study was generally higher than that reported for adult males (<1%) 13 whereas there was no significant gender difference in adolescents' dual tobacco use. These observations may suggest that unlike black female adolescents, black adolescent males (who are more likely to be exclusive smokers as adults 13 ) might have quit their SLT use in favor of continued smoking before reaching adulthood. Alternatively, this observation may suggest a new pattern of male SLT use developing in this black adolescent population group. These findings differ from those in the United States and Sweden, where SLT use was consistently found to be a male behavior both during adolescence and adulthood. 5, 14 Consistent with the literature, 25 family influences remain a significant determinant of SLT use in the adolescent population that was studied. It may be not only direct social pressure that results in adolescents' tobacco uptake but also internal self-pressure to use tobacco when others around the adolescents use tobacco. 26 In this regard, a smoker may even take up SLT use just because of the availability of the product in the household. 27 Conversely, an SLT user may take up smoking because he or she wants to keep friends who also smoke. Unlike findings from previous studies in more developed countries, 26, 28 peer and family smoking was not significantly associated with exclusive smoking in this population. This observation may be related to the generally low smoking rates among black South African adults, especially among those in this largely rural province. Therefore, the finding of this study may not be generalized to the whole country or other racial/ ethnic groupings.
Respondents generally perceived SLT as less harmful than cigarettes, but a large percentage of adolescents perceived SLT use to be equally harmful to cigarette smoking. This may be related to the fact that, as with cigarette packs, SLT manufacturers are mandated by law to print the risk phrase "causes cancer" on the lid of the can. However, in the current study, those who believed SLT was safer than smoking were generally more likely to use SLT exclusively. However, in the final analysis, the relative risk perception of SLT in relation to cigarette smoking did not distinguish non-tobacco users from exclusive smokers or dual tobacco users. This finding suggests that risk perception did not play a role in adolescents' taking up SLT use in addition to their cigarette smoking; that is, dual product use is not likely to have been motivated by an intention to reduce the potential harm caused by cigarette smoking.
The role of SLT use in smoking behavior has not been consistent in all countries. In Sweden, smokers who used SLT were found to be more likely than nonusers to quit smoking, but these findings were not replicated in the United States, where switching was more often from SLT use to smoking. 29 Considering that participants in this study who were dual users were predominantly those who smoke and use SLT on school premises, it is likely that SLT is being used to supplement smoking especially at times when students are not able to smoke. Nevertheless, there is a need for a longitudinal study to determine the role of SLT use among adolescents in respect of future tobacco-use status among South Africans.
Study Limitations
As with any cross-sectional study design, this study did not provide information on the order of events; thus, it is not possible to establish reliably what the gateway pattern between the 2 products is, if there is one. Second, all tobacco use measures were self-reports, requiring participants to recall their experiences and actions in the past; and these measures were potentially subject to measurement error from recall bias. However, we do not expect this to change the conclusions reached in this study significantly as it has been shown that selfreports of tobacco use are generally accurate, especially if the questionnaires are self-administered. 30 Furthermore, because most adolescents do not use tobacco daily, but rather intermittently within a month, objective tests such as a cotinine assay would have been unstable, inaccurate, and not cost-effective as cotinine is present in urine for only 72 hours.
There is also potential for misclassifying the users of tobacco products other than SLT and cigarettes as non-tobacco users because we did not ask questions about the use of other products, such as cigars and water pipes. However, we do not think this would significantly change the findings of this study, given that the focus was on cigarettes and SLT use and that the use of other tobacco products in this population is uncommon, as demonstrated in our pilot study. A further limiation of this study is that the reasons for toothbrushing may not be mutually exclusive; that is, adolescents may brush for both aesthetic reasons and preventive dental care reasons. However, our interest is in knowing the principal reason for brushing, and we have used a comparable question in the published literature, 22 thus making our findings comparable.
This study was conducted among students who were present at school at the time of the visit by the field workers. Although attempts were made to revisit the schools to capture responses from those who had been absent on the administration date, students who were absent more often were not reached. However, this is not likely to influence the results of the study as there was only 7% absenteeism during the survey. Despite these limitations, the current study provides useful information on the correlates of smokeless tobacco use and its association with cigarette smoking, which may be useful when designing tobacco use prevention programs targeting young people in South Africa.
Conclusions
The findings from this analysis may be interpreted to emphasize the need for multilevel approaches in adolescent tobacco-use research and interventions, in particular the need for school-level policy interventions in addition to individual risk behavior reduction. School-level policy intervention is particularly important, given that those who smoke cigarettes with or without SLT use were more likely to be in schools without a rule against smoking.
